Background: Implant-based breast reconstruction (IBR) after nipple-sparing mastectomies (NSM) can have complications that require explantation of a tissue expander or permanent prosthesis. When complications occur, preservation of the nipple-areola complex (NAC) remains critical to ensure aesthetic breast reconstruction. To date, there are minimal data on outcomes for patients experiencing unplanned explantations in IBR after NSM. Objectives: To evaluate final reconstructive outcomes for NSM patients who undergo IBR and have an unplanned explanation and to separately analyze the outcome of the NAC aesthetic subunit. Methods: We analyzed a prospectively maintained database of NSM patients undergoing IBR reconstruction at a single institution to identify patients who had complications resulting in unplanned explanation. Demographics, covariates, and reconstructive outcomes, including salvage with IBR or autologous flaps, were assessed. Final outcomes of the NAC were also evaluated. Results: A total of 213 patients underwent 382 NSM with IBR with either direct-to-implant (DTI) or tissue expander/implant (TE/I) reconstructions. The complication rate was 15.2% (N = 58) and 33 (8.6%) unplanned explantations occurred: 23 (69.8%) of whom ultimately completed reconstruction with either IBR (30.4%) or autologous flaps (69.6%). NACs were preserved in 62.5% of breasts with unplanned explantations. Only 8 NACs were lost in the entire cohort (2.1%). Conclusions: Following unplanned explantations in IBR after NSM, salvage can be performed with either IBR or autologous flaps. However, the majority of salvage procedures in IBR after NSM will be with autologous flaps that bring in healthy soft tissue to restore location specific defects caused by complications. The NAC can ultimately be preserved as an aesthetic subunit in most patients despite the occurrence of initial complications.
for permanent implant (TE/I), reconstruction. 5 In both prosthetic techniques, autologous fat grafting can be an adjunct procedure leading to improved patient-reported outcomes and aesthetics following NSM. Several studies have demonstrated high levels of satisfaction and patient-reported outcomes with NSM followed by IBR including higher psychosocial and sexual wellbeing. 2, 3, 6, 7 However, as with any type of reconstruction, IBR after NSM can be fraught with complications, which have been discussed extensively in the literature. [8] [9] [10] Complications in NSM have different stakes than in SSM. Namely, loss or major distortion of the NAC can undermine the purpose of a NSM which includes both the preservation and appropriate positioning of the NAC as an aesthetic subunit of the breast.
We have previously examined patients who underwent SSM with TE/I reconstructions and outlined their outcome pathways after encountering a complication. 11 We extend that experience to the present study with the goal of understanding the final reconstructive outcomes for patients who undergo IBR after NSM. This study includes patients who underwent IBR either with DTI or TE/I after NSM and encountered a complication leading to an "unplanned explantation" either of the TE or permanent prosthesis. Our hypothesis is that patients who underwent unplanned explantations due to complications from IBR after NSM are more likely to convert to autologous reconstruction than have subsequent reattempts at IBR. We also hypothesize that the NAC aesthetic subunit can be preserved despite unplanned explantations. Furthermore, our goal is to explore unique aesthetic considerations in patients who convert to autologous reconstruction after unplanned explantation after IBR in NSM.
METHODS
We analyzed a prospectively maintained database of consecutive patients who underwent NSM with implant-based reconstruction from January 1, 2008 to December 31, 2015. All patients were women who underwent treatment at the Alvin J. Siteman Cancer Center and Washington University in St. Louis either at Barnes-Jewish Hospital or Barnes-Jewish West County Hospital locations. The study was performed with institutional review board approval (201608129 and 201302004) from Washington University in St. Louis School of Medicine. Demographic and clinical data were abstracted from hospital and outpatient electronic medical records. Three physician review confirmed data fidelity.
Patients who underwent NSM for either breast cancer treatment or prophylaxis followed by either DTI or TE/I reconstruction were reviewed. Patients were eligible for inclusion if they had their NSM and reconstruction performed at our institution and had at least 24 months of follow up. All patients were treated by 2 oncologic surgeons (independent of the study) with experience in NSM techniques. Reconstructions were performed by 2 senior plastic surgeons (M.M.T. and T.M.M.) with experience in IBR and microvascular-free tissue transfer techniques. Patients with planned autologous breast reconstruction following NSM were excluded from analysis. The decision to have either DTI or TE/I reconstruction was made by patients in consultation with their plastic surgeon and has been explored elsewhere. 5 All tissue expanders used in TE/I reconstructions were Allergan (Allergan, Inc., Dublin, Ireland) 133 MV devices. Implants used at the time of permanent implant exchange or in DTI were either Allergan or Sientra (Sientra, Inc., Santa Barbara, CA) devices. Devices included anatomic or round and smooth or textured devices that were on consignment at our hospitals. Implants were placed in a partial subpectoral plane with the use of Alloderm RTU (LifeCell Corp., Branchburg, NJ), either nonperforated 8 × 16 cm or 10 × 20 cm sheets for coverage of the lower pole. Selection criteria for use of acellular dermal matrices (ADM) were not evaluated in the present study as all patients had ADM placed in their initial reconstructions. Implant choice was based on plastic surgeon and patient discussions.
Complications including seroma, hematoma, surgical site infection requiring intravenous antibiotics or hospital admission, wound dehiscence with implant exposure, capsular contracture requiring operative intervention, and oncologic complications were tracked. Medical records were reviewed for all patients.
Our primary endpoints were unplanned explantation of either a TE or permanent prosthesis after DTI or TE/I exchange for permanent prosthesis. Reconstructive outcomes including conversion to an unplanned autologous flap, reattempt at IBR, and/or reconstructive failure were evaluated. Type of autologous flap and time to conversion to flap were examined. Final outcomes of NAC were also analyzed. Fifty-eight (58) complications occurred in 382 attempted IBR after NSM, leading to a complication rate of 15.2% (Table 2) . Complications included infection (n = 16, 4.2%), skin necrosis (n = 14, 3.7%), seroma (n = 8, 2.1%), wound dehiscence with prosthetic exposure (n = 8, 2.1%), hematoma (n = 6, 1.6%), capsular contracture (n = 5, 1.3%), and deep positive margin of cancer on final pathology (n = 1, 0.3%). Patients who had skin necrosis but no exposed implant were categorized as "skin necrosis" only. Patients who had wound dehiscence with implant exposure by definition also had skin necrosis.
RESULTS

From
Thirty-three (33) unplanned explants of either TE or permanent prosthesis occurred, leading to an unplanned explantation rate of 8.6% at the breast level (Table 3 , Figure 2 ).
Indications for unplanned exploration at the breast level were assessed. All infections requiring intravenous antibiotics or inpatient admission (n = 14) had an unplanned explantation, accounting for the vast majority of unplanned explants (42.4%). The remainder of unplanned explants were due to skin necrosis (n = 5, 15.2%) or capsular contracture (n = 5, 15.2%). Five breasts (15.2%) were explanted at the request of patients who wanted their tissue expander or permanent implant to be removed. Four breasts (12.1%) had wound dehiscence with implant exposure leading to an explantation. Of note, the other 4 breasts with wound dehiscence and implant exposure did not undergo ultimate explantation but had a procedure to salvage their reconstruction with reclosure. Two of these patients lost their NAC due to skin necrosis and were subsequently reconstructed.
Of the 33 breasts that had unplanned explants, 23 ultimately completed reconstruction (69.8%) while 5 (15.1%) did not complete reconstruction and 5 (15.1%) were lost to follow up ( Figure 3 ). Of those that completed reconstruction, 7 breasts (30.4%) were with IBR and 16 (69.6%) converted to autologous flap reconstruction.
Further analysis of IBR that converted to autologous breast reconstruction was performed. Twelve patients (unilateral = 8, bilateral = 4) with 16 breasts converted to autologous breast reconstruction (Table 4) . Flaps used included deep inferior epigastric perforator (DIEP) (Figure 4 ), latissimus dorsi myocutaneous (LD) (Supplemental Figure 1) , and muscle-sparing transverse rectus abdominus muscle (msTRAM) flaps (Table 5) . This translates to a conversion to autologous breast reconstruction after attempted IBR in NSM of 5.6% (12/213) at the patient level and 4.2% (16/382) at the breast level. Average time to conversion to autologous flap was 5.4 months (range, 0-14.0 months). Eight patients had unilateral reconstructions and 4 patients had bilateral reconstructions. Analysis of NAC outcomes was performed. For the 16 breasts that converted to autologous reconstruction, 10 NAC (62.5%) were preserved throughout the entire reconstructive process. Five NAC were lost completely due to necrosis and 1 was removed because of severe superolateral displacement of the NAC. Ultimately, 3 of the 6 lost NAC were reconstructed and 3 were not.
A total of 8 NAC were completely lost. Six of these were in patients who had a complication and converted to autologous reconstruction. Two NAC losses were in patients who lost their NAC due to skin necrosis but did not require conversion to autologous reconstruction as the necrotic area was excised and closed and still had IBR as their reconstructive type. These two patients subsequently had their nipples reconstructed. The total NAC loss for the present study is 2.1% (8/382).
DISCUSSION
NSM followed by IBR with either DTI or TE/I can have complications that compromise the final reconstructive outcome. However, complications and their consequences in NSM are different from those of SSM because the premise and goal of NSM is to preserve the native NAC as an aesthetic subunit. Our study identified infection, skin necrosis, capsular contracture, patient request for implant removal, and wound dehiscence with implant exposure to be complications that lead to unplanned explantation of a prothesis. Our overall complication rate of 15.2% for IBR after NSM is similar to reports in the literature. 8, 9 Unplanned explantation occurred in 8.6% of attempted reconstructed breasts with IBR after NSM and is less than our complication rate implying that not all complications ultimately lead to an unplanned explantation. Reducing the complication rate would inherently reduce our unplanned explantation rate. As hypothesized, the majority of patients, nearly 70%, ultimately completed reconstruction with autologous tissue.
Autologous reconstruction of the breast after NSM can be challenging because the NAC may still be maintained and soft tissue defects around this focal point of the breast will have to be carefully be restored. In our experience, autologous tissue flaps were used to salvage failed nipple-sparing mastectomy reconstructions initially reconstructed with a prosthesis whenever it was felt that this approach would be most likely to succeed without further complications and provide the best symmetry match with the contralateral side. In terms of minimizing complications, we considered the integrity of the soft tissue envelope and factors like radiation, extensibility, and history of wound healing delays. To optimize symmetry we considered nipple malposition following initial reconstructive failure (too high, too low, too lateral, too medial), area of greatest soft tissue loss (and therefore where we needed to replace tissue and how much), and the appearance of the contralateral breast (volume, ptosis, upper pole fullness, nipple position).
Fortunately, reconstructive failures are relatively rare and the resulting deformities and approach needed to Figure 2 . Indications for unplanned explantation. correct them relatively varied. As such we do not have a standardized algorithm to address these. The most common donor sites were the abdomen (DIEP/superficial inferior epigastric artery/stacked DIEP flaps), and the back (muscle-sparing latissimus flap when some muscle coverage was preferred and in a few cases not in this series, a thoracodorsal artery perforator flap when skin only was required.
We feel that the initial incision placement largely affects the ultimate defect from complications. Indeed, centralization of the NAC is an important consideration when deciding where to place the skin paddle of a flap. Complications after a lateral radial or periareolar incisions have a different set of considerations than those from an IMF incision. These patients often have either lateral displacement of the NAC or cicatricial contraction of the skin envelope. In our experience, these patients have required restoration of lateral breast skin or total breast skin. We have reconstructed these defects primarily with abdominally based microvascular free tissue transfer, including msTRAM or DIEP flaps. However, one patient with a lateral radial incision was salvaged with a LD flap. Complications in patients who have IMF incisions leads to issues in the lower pole of the breast. These patients often have downward displacement of the NAC and a paucity of inferior pole skin and tissue. Reconstruction and restoration of these defect in our hands has been best with a LD flap with or without an implant. Muscle-sparing latissimus flap can allow correction of the IMF-nipple interval and to provide additional vascularized tissue to recontour the periprosthetic pocket (when adequate ADM or pectoralis muscle is absent).
In a few instances, for centralization of the nipple or nipple symmetry, we have de-epithelized and advanced the mastectomy flap skin or excised the skin paddle similar to a smile mastopexy. Additionally, sometimes patients have significant fibrosis of the mastectomy skin flap with poor extensibility after explants. In these cases we will usually resect a significant amount of the residual breast skin and reconstruct with a single or stacked DIEP flap in an effort to provide more soft abdominal skin to replace the fibrotic breast skin.
The low rate of conversion to autologous flap reconstruction following unplanned explantation restricts our ability to perform statistical analyses of whether incision placement dictates ultimate flap salvage type, though practice patterns were still identified from our series.
Interestingly, when patients who attempt IBR after NSM encounter an unplanned explant and convert to autologous flap reconstruction, they are most likely to undergo LD flap reconstruction with or without a prosthesis instead of a free flap like a DIEP or msTRAM. The plastic surgeons (M.M.T. and T.M.M.) who performed all reconstructions in this study are trained in and routinely perform microvascular breast reconstruction. Hence, reconstruction may not be dependent on just surgeon skill set but rather patient factors like BMI and deficiency of skin vs soft tissue bulk. Because the average BMI for patients in this series was 24.4, patients may not have had suitable abdominal donor tissue. For this reason, the LD flap may have been chosen more commonly for autologous reconstruction as it was available skin and soft tissue. It should be noted that the majority of these patients also had an IMF incision. Definite conclusions about incision type and final flap salvage cannot be made, but in general, LD flaps have worked well in our hands for salvage of NSM with IMF incisions. Seven of the 11 flaps did not require a prosthesis, suggesting that the majority of patients with failed IBR after NSM are unlikely to require a prosthesis to restore volume. In our experience, as an NCCN cancer center and regional referral site, we often manage complex cases other providers who have performed IBR after NSM. Options for reconstruction have included other perforator flaps like the thoracodorsal artery perforator (TDAP) flap particularly for lower pole and even central defects with patients who do not have abdominal donor tissue or are unwilling to accept the morbidity of a LD flap. When possible attempts were made to reconstruct the breast with an autologous flap as soon as possible, but ultimately the timing of reconstruction was based on discussions with the patient.
Breast flap size varies. For a TDAP, these are often 80 to 200 gram flaps but are usually combined with an implant. For DIEP flaps they range from 300 to 1200 gram flaps (typically stacked DIEP flaps). An abdominal-based flap may also work in instances where a TDAP was used. The TDAP has less recovery, less donor site morbidity (often sent home within 23 hours of surgery), and is used in instances when much of the preexisting skin envelope can be retained conceivably resulting in better symmetry with the contralateral side.
Salvage of IBR after NSM with a new IBR is not impossible. Indeed, nearly one third of patients who had an unplanned explant still underwent salvage with IBR. This is important to know as plastic surgeons may wonder if reattempting IBR after a complication leading to an explant is warranted or not. Further multicenter studies would allow for a larger number of unplanned explants to be rigorous examined to identify predictors of unplanned explanation and success with IBR vs conversion to autologous reconstruction. Such an analysis was not able to be performed in our study because the event rate of unplanned explantations was only 8.6%. Being able to predict which patients benefit from attempted IBR vs autologous reconstruction may help plastic surgeons tailor reconstructions for patients based on their complications and ultimate goals. In our study, all radiation therapy was adjuvant and rates of radiation in patients salvaged with IBR was no different than in patients salvaged with autologous flaps.
NSM is inherently different from skin-sparing mastectomies in that the NAC is preserved as an aesthetic subunit. The preservation of the NAC and its appropriate location on the breast mound presents a unique aesthetic and reconstructive challenge, particularly when a complication is encountered. Two NAC were lost due to skin necrosis but did not require explant and were subsequently reconstructed. Six NAC were lost in patients who had an unplanned explantation, and all of these patients had autologous reconstruction with subsequent reconstruction of the NAC. Our complete NAC loss for the present study is 2.1%. Our experience demonstrates that even when an unplanned explantation occurs, the NAC can still be preserved in the majority of breasts (62.5%). When an unplanned explantation occurs, NAC is most commonly due to necrosis (5/6) as only 1 of 6 NAC was removed because of severe superolateral displacement after autologous reconstruction. Hence, the NAC which is the main aesthetic subunit of the breast in NSM can be preserved even when an unplanned explantation happens. It is important to note that NAC preservation alone is not always considered a "successful" outcome. In our experience, we had one patient whose NAC was preserved but because of severe displacement, the NAC was excised and subsequently reconstructed using standard techniques.
Fat grafting in NSM can lead to improved patient-reported outcomes. 5 It has been used extensively as an adjunct procedure in breast reconstruction and likely has a role in patients who have had a complication after NSM leading to unplanned explantation. In our experience, it has not been helpful in restoration or replacement of the skin envelope. Rather, it is useful in increasing volume or softening the soft tissue envelope. Regardless of volume, skin must often be brought from another part of the body, making autologous flaps an ideal salvage option for NSM with unplanned explantations. In the present study, a subset of patients were lost to follow up after unplanned explanation. We do not know if these patients ultimately chose another provider or institution for reconstruction and ultimately had breast reconstruction or if reconstruction was abandoned all together. This is a limitation of the present study. Our study is also limited by the small number of patients that converted to autologous reconstruction. Statistical analysis and identification of predictors for complications leading to an unplanned explantation in NSM is beyond the scope of the present study and would require multicenter collaboration.
CONCLUSIONS
Attempted IBR after NSM can have complications leading to an unplanned explantation of a tissue expander or a permanent prosthesis. Ultimately, the majority of these reconstructions can be salvaged with autologous tissue. Autologous flap selection reflects patient factors, such as BMI or initial incisional approach in the NSM. In our experience, NSM with a lateral radial or periareolar incision often required replacement of skin and soft tissue with microvascular transfer of abdominally based autologous tissue, such as msTRAM or DIEP free flaps. NSM with an IMF incision has a paucity of lower pole soft tissue and, in our experience, this can be replaced with LD flaps. Despite unplanned explantation and salvage procedures, the NAC as an aesthetic subunit of the breast can still be maintained the vast majority of patients. Overall, this study improves our understanding of reconstructive outcomes in patients experiencing complications following NSM with IBR.
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